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Abstract:  
Self Supporting isotopically enriched 116Sn (~380µg/cm2),  124Sn(~400µg/cm2) and  112Sn (1.7 mg/cm2) ,120Sn (1.6 
mg/cm2) have been prepared using resistive heating and Mechanical rolling methods respectively  at Variable 
Energy Cyclotron Centre(VECC). Preparation of enriched targets with small amount of material, selection of 
releasing agent for thin targets and separation of deposited material in solvent were among the several challenges 
while fabrication of thin  targets .These targets has been successfully used in Nuclear Physics Experiments at VECC. 
Introduction: 
The target can be defined as a substance or object subjected to bombardment with particles such as e.g. electrons, 
protons, neutrons, heavy ions or with photons. The commonly used targets are either self supporting or thin layer 
deposited on a substrate. In Nuclear reaction and structure studies target materials are bombarded with high energy 
particle. This requires a isotopically and chemically pure target material prepared as a self supporting thin film, or as 
alternative, prepared on a backing foil .The target materials are in metallic or gaseous form. The deposited film 
thickness must be adjusted to the respective reaction under study while observing the optimum thickness. Self 
supporting 112, 116,120,124Sn targets have been prepared successfully by resistive heating and Mechanical rolling of 
ingot method. The targets for Nuclear Physics Experiment can be prepared by different methods like mechanically 
by rolling [1-2 ] of sheets,  physically   by vacuum vapor deposition [ 9-23], chemically  by electrodeposition [24 ] 
from aqueous media and molecular plating from organic solvent or by centrifugal method [25]. A thin target offers 
different advantages: 1) multiple scattering is decreased. (2) The probability of the particles get out of the target is 
greatly enhanced and  the energy spread due to straggling within the target is reduced.  In this paper The details for 
preparation of self supporting isotopic Sn targets have been discussed in details. Isotopic Sn targets have been 
prepared with the motivation to study the Fragment emission mechanism [3-7] and effect of iso-scaling  [8] in 
16O+116,124Sn and 20Ne+116,124Sn reactions. In beam experiments have been performed at VECC with 16O and 20Ne 
beams of required energies. 
 Preparation methods:    
Self-supporting isotopic Sn targets of uniform thickness were needed for experiments at VECC. Mostly thicker 
targets were prepared via rolling technique; However highly uniform thin targets will not be prepared by rolling 
method. Since Sn is soft material in nature, so it is difficult to prepare its thin target by rolling.  Thin  and thick 
targets of isotopic Sn material  have been prepared earlier by rolling of ingot [2 ] and high vacuum evaporation [13-
15 ]methods. Due to difficulties in fabricating such targets many groups  have preferred deposition of Sn on backing 
material.  Sn targets on carbon (C) backing [13 ] and Alumenium (Al) backed [14 ]  tin targets have been reported in 
literature. Recently Arshiya et.al [15] have prepared thin 116,118Sn targets by vacuume evaporation technique.  For 
fabrication of uniform thin targets thermel heating is efficient way to prepare targets whereas for requirement of 
thicker targets rolling method will be adopted. Since Sn has the low melting point ~2320C, therefore resistive 
heating technique was used for preparation of  thin 116,124Sn targets. Thicker 112,120Sn have also been prepared via 
mechanical rolling method. 
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 Isotopic materials were very expensive because of their poor abundance in nature, Natural abundance of Sn isotopes 
are given in table.1.  Several test runs have been made with natural Sn material before the final deposition with 
enriched material to optimize the process with least material, after optimization of fabrication method with natural 
material , isotopically enriched 116,124Sn has been deposited by thermal heating. Thin Isotopic targets were prepared 
by resistive heating technique using dome shaped coating unit. Chamber was cleaned gently with scrubber and 
wiped   with alcohol dipped tissue paper. The important thing to be noted in  target preparation is the choice of boat 
which have been used for making of targets, Smaller will be the size of boat  bigger the solid angle coverage for 
evaporation therefore small  square shape Tantalum boat was used for Traget preparation after several successful 
attempts with natural material. Ta boat was fixed in between copper plates, glass slides were kept at ~10cm above 
the  boat. After fixing the boat and slides inside the chamber, the dome of the chamber was 
kept close for vacuum. Rotary pump and diffusion pump were used for achieving high 
vacuum (~10-6 mb) inside the chamber of coating unit.  Different chimerical slats like KCl, 
NaCl and BaCl2 were tasted as releasing agent, it was found that NaCl was suitable salt  as 
releasing agent  for self supporting Sn targets. 13 mm diameter pellet of NaCl salt were 
prepared by Hydraulic press method using pellet maker .The as prepared pellet was kept in Ta 
boat (27 X 12) mm Fig.2.(a). for evaporation in close chamber. Rotary and diffusion pumps 
were used for achieving high vacuum. After achieving high vacuum of the order of ~8x10-6 
mb, heating process was started. Current of coils was slowly increased for homogeneous 
coating of material on glass slide. Initially it was kept ~30mA for 5 minutes, in order to reduce 
the moister inside the chamber. Coil current was slowly increased up to ~100 mA for 
evaporation of NaCl pellet.  Change of state of salt from solid to liquid and liquid to vapor 
wear started and vapors of salt was deposited on glass slides. After deposition of salt on slides, 
the coil current slowly reduced to zero and chamber was kept closed few hours for cooling.                             
Thermal Evaporation of enriched targets: 
 The weight of enriched material have been taken before the deposition, the chamber was 
opened for few minutes to load the material inside small square shaped (7x7) mm Fig.2(b). 
Precautions were taken to keep the material inside the boat. the process was so quick in order 
to avoid the moisture inside the chamber which will affect on  the releasing agent deposited on 
substrate. Within few minutes the material was loaded on Ta boat and chamber was closed for 
vacuum.  
 
 
 
 
 
 
 
 
 
Isotopes 
of Sn 
Abunda
nce 
112Sn 0.97% 
114Sn 0.66% 
115Sn 0.34% 
116Sn 14.54% 
117Sn 7.68% 
118Sn 24.22% 
119Sn 8.59% 
120Sn 32.58% 
122Sn 4.63% 
124Sn 5.79% 
Fig.1. Target preparation setup. 
 
Glass slides 
(b) 
(a) 
Fig.2. Tantalum boats used in thermal heating of Sn targets (a) 
Boat for salt. (b) Boat for for isotopic material 
Table.1. Abundance of Sn 
Isotopes in nature. 
Ta Boat 
The typical distance between boat and Substrate was optimized after several runs and it  was kept around ~8cm. 
Photograph of setup for preparation of thin targets is shown in Fig:1, When vacuum of ~10-6 mb order was achieved, 
evaporation coil current was slowly increased and at I=~120mA, the powered material was converted in form of 
bubble and thereafter its state changed from liquid to vapor. As the molecules starts moving upwards from boat, the 
vacuum of chamber starts decreasing due to movement of molecules inside the chamber. The stopwatch was kept on 
during deposition, in order to note down deposition time. After whole material was evaporated, the current of coil 
was slowly moved to zero. 
Mounting of the evaporated target materials: 
The glass slide coated with substrate and material was inserted into a vessel with a solvent appropriate to the 
releasing agent deposited on it. De-ionized water was taken as a solvent for enriched Sn targets. Before releasing the 
as deposited material in solvent, a square cut mark bigger then the size of target holder was made on substrate in 
order to separate the individual targets from deposited layer. The slid was slowly inserted inside glass container with 
an angle ~300-450 . Care should be taken while releasing the thin film from substrate to solvent. The release of the 
target material from substrate to solvent was preceded by raising the solvent level at proper speed. The solvent level 
can be raised by slow immersing of substrate into the vessel. 
  
 
 
 
 
 
 
Fig:3. floated thin targets in glass vessel.                                                 Fig:4 mounting of target on target holder 
When a thin film is released from the substrate to solvent  it can be mounted on target frame  by fishing it from the 
solvent surface. The slides should be immersed perpendicularly to the foil and the solvent surface and kept in this 
position when lifting up the foil to minimize the impact of the solvent surface tension. Photograph of enriched 
targets floating in glass vessel is shown in Fig:3.   
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Fig.5.(a) 116Sn target (b) 120Sn targets used in online experiments at VECC 
When dry the self-adhesive forces are sufficient to hold the foil in place in case of thin foils, but for thicker ones the 
application of appropriate glue or clamping the foil between two frames may be needed. Fig.4. shows Isotopically 
enriched Sn thin film mounted on 13mm diameter target holder.  The prepared targets have been successfully used 
in online experiments at VECC. Dark spots of beam is clearly visible on targets used in experiments, Fig.5(a).(b).  
112,120Sn targets prepared by rolling method: 
This technique should be considered as one of the primary methods of target preparation, particularly for expensive 
isotopically enriched materials  as the waste of material with this technique is negligible and the method is known 
for preparing  a high quality targets. In this method the material is reshaped (transformed into foil) using a rolling 
machine. Generally it is assumed that the lower thickness limit for most of the metals are at the level of 1 mg/cm2 . 
The achievable thickness of the final product varies a lot from material to material depending on its malleability. 
Several attempts have been made for preparation of self supporting (~ mg/cm2) Sn targets but it was difficult to 
prepare self supporting isotopic Sn target using powered Sn material.  people got success in preparing thicker Sn 
targets using  rolling of ingot method [ ] . We have followed the same process for preparation of power form of 
material to solid ingot. The ingot was rolled with rolling machine Fig.6. at VECC, Care should be taken while rollin 
of soft Sn material because after attaining  the lower thickness limit  (~mg/cm2)  the material  will stuck on stainless 
steel plate. So target in the range of mg/cm2 have been prepared using this method. The thickness of as prepared 
112Sn & 120Sn targets are 1.7 mg/cm2 and 1.6 mg/cm2 respectively. Fig. 7.(a).(b)  shows 112,120Sn targets respectively 
used in VECC experiment. 
 
 
 
 
 
 
 
 
 
The thickness of as prepared 112,116,120,124Sn targets have been measured by energy loss method [26] using 229Th 
source in laboratory. The method is based on the energy loss of alpha particle passing through the  target  material. 
Isotopic metal films of  Sn with different thicknesses were synthesized by  vacuum evaporation and rolling 
techniques . The enriched Sn targets wear used in online experiments using 16O and 20Ne ion beams at VECC. 
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